Conclusion 1 Introduction
Recently the digital computer technique has been developed and many complicated problems were solved numerically.
In the field of the naval architecture, the David Taylor Model Basin has been engaged in the study of hull vibration using the digital computer2)3) and the comprehensive report was published in this regard4).
As a shipbuilder we have to know the vibration characteristics at the design stage and, in the past several years, estimated the frequencies and modes of the hull vibration by means of a digital corn- For the ships whose vibration characteristics were computed, the vibration measurements were made on their sea trials and both results were compared.
In this report we describe the method of computation, the results and the results of measurements.
Method of computation
Fundamental equations of vibration were made based on the Timoshenko-beam theory.
The shear deflection and the rotational inertia were taken into account but the effect of a local vibration was neglected.
The fundamental equations of lateral vibration of a beam, together with the boundary conditions, are shown in appendix 1. We considered the ship hull, although its cross section varying along the ship length, can be divided into many lumps whose cross sections are constant, as shown in Fig. 1 . The lengths of the lumped beams are not necessarily equal but can be arbitrary, as shown in Fig. 1 . Numerical method of computation are described in the appendix 1. i ) The shear rigidity factors K', K'n and K' w differ with each other, and the differences change with the shape and the scantlings of the section.
ii) In any case K' takes the greatest value. And the discrepancy between K', and K' is in some case considerable.
In view of these facts we calculated the shear rigidity of ships by two method, i. e. by energy and, web area method.
( c ) Weight Hull weight was obtained by the method of trapezoidal distribution, as is used in the ordinary strength calculation. By adding the weight of engine and the equipments, ship' s light weights were obtained. Weights of ballast, fuel and cargo were uniformly distributed in the tank or hold.
The weight corresponding to the added mass of surrounding water was estimated by Lewis-Landwe--ber's method7), which is illustrated in the articles by Townsin5). Added mass for 2-noded vibration was used for the higher mode vibrations.
(d) Rotational inertia of the section
It is very troublesome to estimate the rotational inertia of the ship. As an alternative we made the following approximate estimation.
The rotational inertia was divided into two parts, i. e. that of hull and the others on board the ship..
The former was assumed to be uniformly distributed along the girth length of the section and the latter distributed uniformly within the area of the cross section. We calculated the rotational inertia for ship A and B. (see Fig. 1 ) .
In this report the calculations of natural frequencies are described for two destroyers and two bulk carriers. All the input data for these ships-are shown in Figs. 1(a)-1(d) . ( c ) The agreements between calculated and measured frequencies are better in the case of the destroyers than the bulk carriers, but, even in that case there can be seen discrepancies in the higher modes. This tact seems to be attributed to the estimation of the added virtual mass of water and the effect of local vibration, and should be studied in the future.
( d ) In the case of bulk carriers the discrepancies are considerable in the higher modes.
At present we have few available observations and unable to draw any definite conclusion.
But it is supposed that the discrepancies are partly attributed to the effect of the rotational inertia of the bridge house, because these two bulk carriers have tall bridges at the stern.
In the future report we discuss in this regard.
To examine the relation between measured and calculated frequencies the ratio of them are shown in Fig. 4 . In this figure we find that the ratio is equal in the same type of ship.
Conclusions
Comparison of the frequencies obtained by calculations and measurements of destroyers and bulk carriers yields the following conclusions.
( a ) Effect of tne rotational inertia on the frequency is small in the case of destroyer.
( b ) For the calculation of vertical vibration the use of the shear rigidity obtained by the energy method (eq. A 2.1 in the appendix 2) gives better approximation.
( c ) In the higher modes there are still discrepancies between calculations and measurements. It is supposed that this is partly attributed to the physical properties of ships such as rigidity and partly to the effect of the local vibration.
In the future report the present ambiguities should be clarified.
At the end the authors should express hearty thanks to the staffs of the laboratory and design section who gave them sincere cooperation in calculations and measurements. To satisfy the boundary conditions at x 1 the value of the determinant must be zero.
(A 1.32) If we use middle class digital computor, it is easy to repeat these calculations dividing the physical elements at proper sections (in this report we used 50 sections) and varing frequency parameter
Appendix 2 Shear rigidity
Three commonly-used method in calculating the shear rigidity are as follows.
( a ) Strain energy methodl). In this method the shear rigidity can be obtained by equating the work done by the external shearing force to the strain energy due to the shear stress in the beem1). Thus ( b ) Neutral axis method2). In this method the shear rigidity factor is defined as the ratio of mean shear stress to the shear stress at the neutral axis of the section. Thus (A 2.2)
Where VNA : shear stress at the neutral axis.
( c ) Web area method").
In this method the effective shear K' A is approximated by Aw, where Au, is in the case of vertical vibration, the area of the vertical plating such as side shell and longitudinal bulkhead. Thus (A 2.3)
